A method to determine precisely the position of a transponder placed at a sea floor under a condition that the underwater environment (the sound velocity distribution) is not known is discussed. Not only the position of the transponder but also the unknown underwater parameters can be determined at the same time, if the acoustic rays whose number is equal to or more than that of the unknowns are obtained. The effectiveness of the method is verified by numerical simulations. If only the precise determination of the position of a sea bottom transponder is required, two or three horizontal layers may be sufficient, when a calculation method where underwater sound field is divided into horizontal layers is used. In order to determine the position of the bottom transponder precisely under the condition that the underwater environment is not known, the above-mentioned method must be extended 1-5). For simplicity, a two dimensional problem with constant water depth h is considered. Furthermore, the effects of the current and wave are neglected. Hence, the movement of the surface transponders are assumed to be zero.
As shown in Fig. 3 , x-and y-axes are taken horizontally, and z-axis vertically upward. The coordinate of the sea surface transponder is refered to as (xF ,O,zF ) and that of the sea bottom transponder by (xB,O,zB) . The sound velocity distribution in z -direction is denoted by C(z) , the angle between the direction of the ray and the vertically downward direction by 0(x, z) , the time required by the sound starting from the surface transponder and arriving at the sea bottom transponder by T . Then, Snell's law gives ( 1 ) where k(xF) is constant along a ray. With respect ( 2 ) can be said. On the other hand, the horizontal distance between the surface and bottom transponders gives a relation as
(1). Namely,
The substitution of Eq. (4) into Eq. (2) k(xF),C(z) and xB are unknown quantities and xi: and T(xF) are given quantities. Eqs. (5) and (6) give a set of algebraic-integral equations. Solutions of the algebraic-integral equations (5) and (6) 
The other method is to discretize Eqs. (5) and ( 6 ).
For this purpose, the sea water region is devided into The same relation as Eq. (11) 
In the present report, Eqs. (13) and (14) Table 2c are obtained by the iteration calculation of Eqs. (21) and (22) with the results obtained in Table 2b as the initial values. The deceleration coefficient axB is taken equal to one. In the solution as shown in Table 2 , the initial values Table 2b Convergence of ki (3 layers, 4 sound rays ) Table 3b Convergence of ki (3 layers, 4 sound rays) Table 3c Convergence of ki, Cj and xB (3 layers, 4 sound rays) Table 4b Convergence of ki (3 layers, 5 sound rays ) Table 4c Convergence of ki,Cj and XB (3 layers, 5 sound rays ) Table 5b Convergence of ki (3 layers, 5 sound rays )
4. Application to a practical problem A velocity distribution which is close to an observed underwater sound velocity distribution shown in Fig.   4 is discussed below.
The characteristics of the five sound rays which is calculated for the sound velocity distribution as shown in Fig. 4 are given in Table 6 . And x8 is assumed to be zero. Now, the sound field is divided into horizontal layers as shown in Table. 7.
The calculated results are shown in Table 8 . If the position of the bottom transponder is the main target, it is obtained precisely even by using two layers as can be found in Table 8 . The mean velocity becomes same in all cases, that is, 1473m/s. The mean velocity calculated from the velocity distribution given in Fig.   4 is also 1473m/s. This means that k , xB and the mean value of C is obtained correctly. Table 5c Convergence of ki,Cj and xB (3 layers, 5 sound rays ) 
Conclusions
An effective method to determine the precise position of a transponder placed at a sea floor under the condition that the underwater environments (sound velocity distribution) is not known is obtained.
According to the numerical results, there exist following problems.
( 1 ) Since Eqs. has not yet been obtained. From the practical point of view, the last conclusion may be very important.
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